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ABSTRACT
Development in industrial technology has enabled transformation of natural resources

in to different value added products to enhance the quality of life, but not without
environmental degradation. Many businesses have responded to the emerging increase in
environmental awareness by providing “greener” products and using “greener” processes.
Life cycle assessment (LCA) of an industry or product measures all the possible impacts
including climate change known to be responsible for global warming. Steel plant is an
energy intensive industry, as a result has emerged 2nd dominant source of green house
emissions in the country. Secondary data of a few steel industries (2003-2004) have been
collected for computing the energy and raw materials required for the production of one
tonne of steel, using the mass allocation method. The data were analyzed with CML-1992
(Center of Environmental Management, Leiden University, Netherlands). The results show
that, the steel production has maximum impact causing green house gases, followed by
energy resources consumption. Thus, the findings would be useful in planning sustainable
steel production.
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INTRODUCTION
    Development in industrial technology

has enabled transformation of natural resources
in to different value added products to enhance
the quality of life, which may results a severe
environmental degradation. With the increase
in environmental awareness, it has been
necessary to assess that how industrial projects

*Author for correspondence

are affecting the environment. Many
businesses have responded to this awareness
by providing “greener” products and using
“greener” possess.

Life Cycle Assessment (LCA) is a
relatively new, cutting edge environmental
decision support tool, for assessing the
environmental performance of a product,
process or activity from “cradle to grave”, i.e.
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from extraction of raw materials to final
disposal, recently standardized by the
International Standardization Organization
(ISO)1,2. The LCA provides quantitative
environmental and energy data on products and
processes.

Being a core sector, the Indian steel
industry tracks the overall economic growth of
the country. India is the eighth largest producer
of steel in the world, which accounts for 1.3%
of India’s GDP8. Steel plant is energy intensive
industry as a result has emerged second
dominant source of green house emission in
the country. Life cycle assessment for steel
product to improve product quality and strength
including weight of product will enhance
consumer confidence besides reducing the
environment burden.

LCA is a new technique in India. Sectors
have yet to introduce “LCA way of thinking”.
Intensive database is needed for carrying out
full flagged LCA. With special reference to the
climate change accounting CO2 emission at the
steel production stage only has been considered
as “gate-to-gate” approach in the present study.

Secondary data of a few steel industries
working during year 2003-2004 have been
collected for computing the energy and raw
materials required for the production of one
tonne of steel, using the Mass Allocation
Method (MAM). The data were analyzed with
CML-1992 (Center of Environmental
Management, Leiden University, Netherlands)
method has been used for impact assessment
in the present study
Steel Industry : Energy and CO2 Indian
scenario

Steel is an alloy iron, Carbon and
Manganese with content with small amounts
of silicon, phosphorus and sulphur3-4. During
the past decade, inters in comparing energy use
and green house gas emission trends between
countries as shown in response to the many
issues raised as a result of the United National

Framework Convention on Climate Change
(UNFCCC)4. It is generally acknowledge that
developing countries have a role to play in
abating the global climate change since the
green house gas emission are growing rapidly
in many of these countries5. Thus in order to
fairly compare and assess green house gas
emission treads their reduction opportunities it
is important to develop a consistent
methodology for making international
comparisons.  Steel production involves several
stages like heating, cooling, melting and
solidification6,7. The SEC (Specific Energy
Consumption) in integrated plants is computed
according to a standardized methodology
prescribed by the International Iron and Steel
Institute (IISI). The SECs of Indian steel plants
ranges from 8 to 12 Gcal/tcs (Giga calories per
Tone of crude steel), whereas those of
developed countries ranges from 4 to 6 Gcal/
tcs8

. During 2003-04 the total consumption of
cooking coal (both indigenous sources and
imports) in SAIL steel plants (including IISCo,
VSP and TISCo) stood at 13.48 Million Tonne
(MT), 3.66 MT and 3.21 MT respectively; The
consumption of non-cooking coal was recorded
as 4.43MT, 0.73 MT and 1.38 MT
respectively2,7.  Because of high energy
consumption and CO2 emission, steel industry
faces a serious pressure from both government
and green consumer. Cooking coal is mainly
used by iron and steel industry and has a higher
Net Calorific Value (NCV) and therefore a
higher emission coefficient (2.05 CO2 emission/
tonne coal consumed). The steel industry
globally emits approximately 356 million tonne
of CO2 as a carbon from cradle to gate. In
past two decades steel industry has reduced
CO2 emission by 15 to 20% through using
advanced environmental friendly technologies
and improvement in process. Although the
problem of CO2 emission as a chief source of
global warming is still a matter of great consent
to the steel industries.
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MATERIAL AND METHODS
According to ISO 14040, LCA is a

“cradle-to-grave” approach for assessing
industrial system. Hence a technique compiling
an inventory of relevant inputs and outputs of
a product system evaluating the potential
environmental impacts associated with those
inputs and outputs and interpreting the results
of the inventory along with impact phases in
relation to the objective of the study. LCA of
four stages shown in Fig. 1 which is discussed
below—

(1) 14040, Goal, Scope definition
(Principle and Practices) : Define and
describe the product, process or activity.
Establish the context in which the assessment
is to be made and identify the boundaries and
environmental effects to be reviewed for the
assessment9. The main purpose of present
study is to gain insight into the effects of
different pollutants on environment, in the life
cycle chain of production stage of iron and
steel. It is also possible to determine which part
of emission causes the highest impact on
environment during the production stage of iron

Fig. 1 : Interrelationship between LCA various stages 3, 4, 9- 12

 

Fig. 2 : Life Cycle Impact Assessment (LC IA) 3,4, 9-12
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and steel. The manufacturing process studied
during the LCA of production stage is subjected
to Indian condition. Quantification of inputs and
outputs is made for 1 tonne of steel, to
determine the environmental impact for the
production stage. The upstream boundary is
taken as raw material inputs to plant and the
life cycle ends with the production of crude
steel The air, water, solid, and non material
emissions take place during the production
stages of 1 tonne crude steel are calculated.
The raw material inputs are taken as iron ore,
coal, limestone, manganese, water, air, and
others.

(2) 14041, Inventory Analysis :
Identify and quantify energy, water and
materials usage and environmental releases10.
Mass is used as an arbitrary parameter for
allocation because no economic information
about inter mediate product is available and
heating values of different products do not
differ much.

The input and output data required for
the LCA study are collected from National
Environmental Engineering Research Institute
(NEERI). The data for the Indian iron and steel
industries are collected as a secondary data
from various standard references.

(3) 14042, Impact Assessment :
Assess the potential human and ecological
effect of energy, water and material usage and
the environmental releases identified in the
inventories analysis11.

The elements of LCIA (Life Cycle
Impact Assessment) are shown in the figure
2, the LCIA face composes of several
mandatory elements that convert inventory
result to indicators results. In addition there are
optional additional for normalization, grouping
or weighting of the indicator results and data
quality analysis techniques. Present study for
LCIA, CML 1992 (Center of Environmental
Management, Leiden University, Netherlands)

method used, which is on of the first
assessment methods, developed and used in
several countries12,13. These elements are–
(1) Category indicator and classification,
(2) Characterization, (3) Normalization and
(4) Valuation/weighing.
Category Indicators and Classification

Abiotic resources depletion, biotic
resources depletion, land use, global warming,
ozone layer depletion, acidification,
eutrophication, eco-toxicity and human-toxicity
were categorized as important indicators.
Normalization

As mentioned before, the first and
probably J. Guinee, CML publication, university
of Leiden, published the most widely used
normalization set in1993. This normalization set
is used in the present study.

(4) 14043, Interpretation and
Improvement : Evaluate the result of the
inventory analysis and impact assessment to
select the prefer product, process or service
with a clear understanding of the uncertainty
and the assumptions used to generate the
result12-16.

RESULTS AND DISCUSSION
Life cycle assessment (LCA) is a

method of evaluating the environmental
consequences of a product or process ‘from
cradle to grave. The present study mainly
involves the information regarding quantification
for all the stages of the steel production as the
availability of relevant information. The energy,
resource inputs and the resulting environmental
outputs for the production stages of steel have
been identified. The study depicts practical idea
of the environmental impacts associated with
production of steel.

The study involves the data from the
Indian steel industries during 2003-2004. The
energy and raw material required for the
production of 1 tonne steel have been identified
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b. Impacts for total steel production

a. Impacts per one tonne of steel production

Fig. 3 :   Possible environmental impacts during production stage of steel in India.

Table 1 : Raw material/energy consumption and production 2003-20041,2,15

Production 
(tonne) 

 

Raw material Consumption, tonne/tonne crude steel Plant Start 
up 

Crude 
steel 

Finished 
steel 

Iron 
ore 

Scarp Coal Lime 
stone 

 

Mn 
ore 

Sinter Dolomite 

Specific 
energy 

consumption 
Gcal/tcs 

Bhilali 1959 4743 3010 1.69 0.15 1.22 0.32 0.023 0.9091 0.193 6.84 

Durgapur 1959 1759 1560 1.81 0.08 1.24 0.194 0.013 1.2063 0.20 7.29 

Rourkela 1959 1572 710 1.83 0.10 2.34 0.33 88.71 1.1113 0.28 8.69 

Bokaro 1972 3754 3310 1.65 0.12 1.53 0.239 0.033 1.1675 0.26 7.23 

IISCO 1909 301 240 3.26 0.22 3.59 0.387 0.042  0.46 9.64 

TISCO 1907 4224 3550 1.56 - 1.37 0.371 7.29 0.9071 0.0078 7.41 

Vishakhapatnum  3403 2780 1.86 0.10 1.28 0.245 0.015 1.2779 0.178 7.42 
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Table 2 : Classification of substances to various impact categories using CML - 1992

     Impact Category  Unit  Emitted Substances  Compartment  

Green house Kg GWP CO2 Air 

Eco toxicity M3 mg ECA Hydrocarbons Water 

CO2 Air 

Hydrocarbons Air 

H2S Air 
HCL Air 
NO2 Air 

SO2 Air 
Hydrocarbons Water 

Metallic ions Water 

Human toxicity HCA/HCW 

HN3 Water 

NO2 Air 

COD Water Eutrophication Kg NP 

HN3 Water 

HCL Air 

NO2 Air Acidification Kg AP 

SO2 Air 

Summer smog Kg POCP Hydrocarbons Air 

Crude oil Raw 

Energy Raw 

N\energy Raw 
Energy resources MJLHV 

Coal Raw 

Inorganic materials Solid 
Solid water Kg waste 

Slag Solid 

 
GWP :  Global Warming Potential, ODP : Ozone Depletion Potential, NP : Nutriphication
Potential, POCP : Photochemical Ozone Creational Potential, AP: Acidification Potential,
ECA : Aquatic Eco-toxicity, PDF : Potentially Disappeared Fraction of plant species,
DALY : Disability Adjusted Life years, HCA : Human Toxicological Classification Value for
Air, HCW : Human Toxicological Classification Value for Water.

by MAM. Mass is used as an arbitrary
parameter due to unavailability of economic
information for the intermediate products during
the production stage.

As shown in Table 4, high amount of
raw materials and energy is required to produce

a tonne of steel. Among all the air emission,
CO2 emission was found highest and HCl
emission was lowest. In case of aqueous
effluent the COD of effluent was found highest
where as metallic emission was found low. The
analysis with CML-1992 method shows that
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the steel production has maximum potential for
impact indicator as energy resources, Green
house followed by, solid waste, acidification,
eutrophication, eco-toxicity, summer smog and
human toxicity.

Out of all the raw materials used in the

steel production, coal shows considerable
impact on the environmental resources
followed by iron as showing comparatively
lower impacts on the environment and mineral
resources.

Table 3 : Characterized value of impact indicators for production stage of
1 tonne Steel

 (CML – 1992 method) 1, 2, 5, 6,16-23

Impact Indicator 
(Unit) Substance Compartment Amount 

(Kg) 
Factor 
(Kg) Result Total 

Green house 
(kg GWP) 

CO2 Air 
2010 

1 2010 2010 

Ozone Depletion 
(kg ODP) - - - - - - 

Eco toxicity 
(m3 mgECA) 

Hydrocarbon Water 
0.0512 

0.05mg 0.00256 0.00256 

CO Air 25 0.012 0.3 

Hydrocarbon Air 11.023E-
9 0.022 0.24252 

H2S Air 0.101 0.78 0.07878 

HCL Air 0.079 0.033 0.002607 

NO2 Air 1.057 0.78 0.82446 

SO2 Air 1.502 1.20 1.8024 

Hydrocarbon Water 0.0512 0.0019 0.000097 

Metallic ions Water 0.007539 0.0036 0.000271 

Human toxicity 
(HCA/HCW) 

NH3 Water 0.01 0.0017 0.000017 

3.251152E-
9 

NO3 Air 1.057 0.13 0.13741 

COD Water 0.022 0.022 0.00484 
Eutrophication 
(kg NP) 

NH3 Water 0.01 0.33 0.0033 

0.141194 

HCL Air 0.079 0.88 0.06952 

NO2 Air 1.057 0.70 0.7399 
Acidification 
(kg AP) 

SO2 Air 1.502 1.00 1.502 

2.31142 

Summer smog 
(kg POCP) 

Hydrocarbons Air 11.0237 0.398 4.3874 4.3874 

Crude oil Raw - 42.70 - 

Coal Raw 1220 29.30 35746 Energy resources 
(MJLHV) 

Energy Raw  1.00MJ - 

35746 

Inorganic 
waste Solid 22 1.00 22 Solid waste 

(kg waste) 
Slag Solid 425 1.00 425 

447 
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CONCLUSION
Complete interpretation of alternatives

to improve environmental parameter has not
been fully analyzed due to the limitation of
available data. It was observed that the Indian
steel industries are not familiar with LCA.
However there is a scope for providing few

potential applications of LCA for such industry.
Present study is restricted to the production
stage as “gate to gate” approach. Some of the
impacts have been measured including global
warming as main cause for climate change.
LCA study helps to identify the key issues for
the industry and highlighting potential direction

Table 4 : Normalized value of impact indicators for the production stage of
1 tonne steel

(CML- 1992 Method)

 

Normalized 
Indicators 

Substance Characterization 
Value 

Normalization 
Factors 

Normalized 
Value 

Total 

Green House CO2 2010 6289.30 0.31959 0.31959 

Ozone layer - - -   

Eco toxicity Hydrocarbons 0.00256 18518.52 0.000000 0.00000 

CO 

Hydrocarbons 

H2S 

HCl 

NO2 

SO2 

Hydrocarbons 

Metallic ions 

Human toxicity 

NH3 

3.251152 96.15 0.033813 
0.033813 

E-9 

NO2 

COD Eutrophication 

NH3 

0.14119 12.47 0.011322 0.011322 

HCl 

NO2 Acidification 

SO2 

2.31142 47.62 0.048538 0.048538 

Summer smog 
Hydrocarbons 4.3874 0.625 7.01984 7.01984 

E-9 

Crude Oil 

Energy Energy resources 

Coal 

35746 1/0 - - 

Inorganic Waste 
Solid waste 

Slag 
447 1/0 - - 
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for progress in the future. There is a
considerable scope for the Indian steel industry
to reduce the CO2 emission level compatible
with the international level. It is possible for
these industries to subordinate CO2 emission
by adopting suitable techniques. International
standardization of LCA promotes transparency
and celerity of result; although it must be
understood that its interpretation should rely on
the quality and availability of the data.

Production of steel is energy intensive
resulting high CO2 emission. The Indian steel
industry has been attempted to reduce this high
CO2 emission in past. According to the present
investigation it was found that the LCA may
prove as a proper technique by which energy
use and associated CO2 emission can be further
reduced up to international standards. LCA
supports eco-efficiency as it can help in the
improvement in the quality of steel as well as
low impact on the environment. LCA is a
creditable tool to compare the various
techniques for steel production with respect to
environmentally sustainable and market
compatible technology.
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